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"HE SOURCE OF OUR UOLD WAVES. 
By Director R. F. STUPART. Dsted '~oomnto, March 3, 1909. 

I send you the January tracks (Chart IS) and the tracks for 
the other months will follow almost immediately. I also send 
you a map (Chart S) with the isobars drawn based on the 
reports from the far north stations. 

A comparison of the mean barometric pressures in the far 
north for January, 1907, and January, 1908, is most interest- 
ing. In  the former year the mean pressure at Dawson was 
30.70 inches (sea level) and the distribution of mean pressure 
over Canada and the Northwestern States led to a persistent 
northeasterly gradient over the whole northern region, and 
hence extremely cold weather was experienced between lati- 
tudes GOo N. and 45' N. It is worthy of note, however, that 
the Dawson temperature in latitude GPO N. was only just nor- 
mal. In 1908 the mean pressure at Dawson was 29.90 inches, 
and there was a totally different distribution of pressure over 
the Western States and northern Canada; the prevailing gradi- 
ent was for southwesterly winde. The whole of our Western 
Territories were decidedly warmer than the average. It ap- 
pears fairly evident that the wide negative departures in Al- 
berta and Saskatchewan during Jmiiary, 1007, and again in 
this past January, were perhaps altogether due to the persist- 
ont transference of air from the higher latitudes, and the 
equally wide positive departures in 1908 were clue to the 
equally persistent southwesterly gradient. 

I believe that a study of the far north with reliable barome- 
ter readings will be most valuable. Apparently the high pres- 
sures in Yukon are not wholly the outcome of estreme cold 
caused by radiation. The coldest January of which we have 
record was that of 1906, when the mean pressure was 30.26 
inches and the mean temperature -34O, while in southern 
Baskatchewan and Alberta that month was phenomenally mild, 
with persistent southwesterly winds. 

The high pressures in Siberia are certainly not altogether 
the outcome of the continental cold, as the lowest tempera- 
ture is far north of the highest mean pressure, which is an 
extension and an intensification of the extratropical belt of 
high pressure. It thus appears to me that the persistent high 
pressures found in some seasons in the far north owe their 
origin to upper currents from the equator coming to earth far- 
ther north than usual. Indeed the formation of the ordinary 
high is probably due to this, but we inay very probably in the 
future connect the situation in the equatorial regions and 
trade-wind belts with that in the high latitudes. 

THE ULIMATE OF THE GLACIAL EPOCH.' 
By HENRYK ARI'TOWSKY, Briiasela 

[Translated hy C. Abbe, jr.] 

It is well known that the snow line at any locality does not 
depend solely on the local mean temperature, but is also de- 
termined by other climatic fectors, such 8s the amount of inso- 
lation and the character of the seasons. The local topography 
and the amount of annual precipitation are also equally im- 
portant. 

In  order to determine the influence of one of the factors, 
e. g., the temperature, it is necessary that all the other factors 
remain constant. Thus, let us suppose for the sake of simplicity 
that we have an isolated mountainous island in the ocean, and 
that this island may shift its position along its meridian. If 
the island is moved into a region where all the climatological 
conditions except tamperature remain the same, then the 

'This article appeared in the Bulletin de la Socibt6 Belge d'dstrono- 
mie, Juin, 1908, No. 6, p. 220-231, as an extract from the author's memoir 
on the present and former glaciation of the channels of Tierra del FUego 
and the Antarctio Continent, as discovered by the Bel*, about to ap- 
pear in the Bapporte eclentiflques de l'expedition antarctique beige. 

-- - - .- 

change in altitude of the snow line will express the influence 
of the variable factor. 

To determine the fall in the mean temperature of a given 
region during the glacial epoch, at least in a wholly marine 
climate, it would be necessary to find a second identical region 
exposed to the same winds, having the same cloudiness and 
precipitation, and whose actual present glaciation has the same 
extent as did the previous glaciation of the first region. 

Now it seems to me that we should be able to find some ex- 
amples of this kind somewhere in the Southern Hemisphere; 
but the difficulties are undoubtedly numerous, and we may not 
hope to find more than a mere approximation to the climatic 
conditions of the glacial epoch. 

Thus, as is well known, the atmospheric precipitations of 
mountainous regions are not the same at all heights, whence 
we may conclude that they would very probably show similar 
variations on an isolated island. As we advance toward the 
poles, or the colder regions, the zone of maximum precipita- 
tion having entered the zone of snowfall experiences a sudden 
change, and at once the limit of snowfall will descend more 
slowly with the progressively diminishing rate at which the 
temperature falls. But here enters another difficulty, viz, the 
altitude of the clouds seems to diiiiinish with increasing lati- 
tude. 

Furthermore, the courses of the ocean currents may have 
changed since the glacial epoch, or to speak more accurately- 
since thd surficial marine currents depend almost entirely on 
the prevailing winds-the region of equatorial calms may have 
shifted, the trade winds, the permanent highs, nnd the tracks 
of cyclonic storms may have occupied quite different positions 
from what they do to-day. Croll's hypothesis' requires this, 
and the fact that there were estensive glacial ice caps renders 
it yet more probable. 

Again, there is a no less important difficulty, the present 
positions of the glaciated lands with reference to sea-level are 
in many cases no longer the same as during the time of maxi- 
mum glaciation, and Rudzkia has demonstrated the probability 
of the submersion of the lands under the weight of accumu- 
lated ice. 

In  any case, then, a more profound study of the region will 
have to consider the qnestion: By how many degrees centi- 
grade must the mean temperature be lowered (every thing re- 
maining the saiiie in other respects) in order to lower the line 
of perinanent snow by 71 meters? 

So far as concerns the Alps Penck admits that the perma- 
nent snow line there stood lower by about 1,000 meters, and 
Briickner believes that the mean temperature of the glacial 
epoch at the time of maximum glaciation was only 3O or 4 O  C. 
lower than it is t o - d a ~ . ~  Oswald HeeP was also led, by his pale- 
ontological studies, to the conclusion that the mean tempera- 
ture was then lower by 3O or Po C. 

Nevertheless it seems to me that these figures do not suEce 
unless we admit, a priori, a climate much more humid than the 
present, and that a much greater difference in temperature is 
necessary to lower the snow line by 1,000 meters if the precipi- 
tation was the same then as now.6 

To demonstrate this I compare the region of Cape Horn 
with the island of South Georgia, the latitude of both is the 

James Croll: Climate and time. London. 1875. 
Agram. 

1876. Pilar, starting with Croll's idea, demonstrated that the tropical 
calm bolt was necessarily displaced: but did not take account of the influ- 
ence of thie shifting upon the general atmospheric circulation of the 
whole globe. 

"udzki. Bul. iuternitt. de l' Acad. des Sci. de Cramvie, 1899, p. 169. 
Klimaschmankungen seit 1700. Vienna. 1890. p. 308. 

"See A. Helm: Handbuch der Gletscherkunde. Stuttgart. p. 660. 
T. G. Bonney thinks that i t  would require it lowering of 180 F. (100 C.) 

to produce a daclal epoch if the temperature distribution of the North- 
ern Hemisphere remained the same as to-day. See Geog. Jahrb., 1893, 

_-_-_ 
G. Pilar: Ein Beitrag zur Frage die Ursachen der Eisseit. 

p. a4. 
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. . .  - . .  .. Staten Island I:, . . . . . . . . . .  6.3 
hre.,ll Ihws with 

tcnq;era- %t$,r Precipi- kition. h i e .  We thus have a difference of level of the snow line of 800 
to 900 meters, corresponding to a difference in the mean tem- t'lre. 112-83. 

. 

~ ~~ ~ 

The difference in precipitation is clue, without doubt, to 
differences in the exposure of the observing stations, and proba- 
bly as a matter of fact the precipitation is the same at  COP 
responding altitudes at  both places. From the geomorpho- 
logic point of view the islands west and south of Tierra del 
Fuego are comparable in all respects with the island of South 
Georgia. The altitude of the perpetual snow line in the Ma- 
gellanic region' is 900 ineters, while on the northeast coast of 
South Georgia" it stands at 600 meters. 

Together with a difference of 4' C. in the mean temperature 
there is here a difference of about 300 meters in the two levels 
of perpetual snow. 

In  fact it seems to me useless to insist any longer on the 
example selected, since the elevation of the line of 'perpetual 
snow is not snfIiciently well known, while our knowledge of the 
topography of South Georgia and of the islands of Tierra del 
Fuego is even less satisfactory. 

Moreover, this example will inevitably be criticised, and 
without doubt those geologists holding to the theory of a 
moister climate will point out that the level of tlie line of 
perpetual snow corresponds with a great variety of isotherms, 
ranging between the isotherms of +3O in the Andes near 
Quito and that of -10' or -11' C. in Spitzbergen and Nova 
Zembla," or even more. In  fact, one may readily accuse me 
of partiality and claim that the above example has been chosen 
with the direct purpose of showing that the climate of the 
glacial epoch must have been much inore rigorous than we 
have presumed. It will certainly be maintained that only a 
general discussion of all the known facts can have decisive 
value, and that in any case we should take the mean of all the 
numbers obtained. I do not contest this, but nevertheless in 
the actual state of our knowledge it is preferable to limit our- 
selves to the selection of illustrations from regions where the 
climate is now and has been essentially marine, clioosing by 
preference oceanic islands. Therefore the esample given 
seems to rue well chosen. 

Another good example deserving of thoro study and discus- 
Aion is the comparison of the region about the Straits of Tierra 
del Fuego with the antarctic continent lying south of Cape 
Horn. Both regions are mountainous and exposed to oceanic 
winds, which bring abundant precipitation; but the altitude 
of the snow-line in the polar lands is lower by about SO0 meters, 
and the actual appearance of this land is very probably that 
which the region about the Straits of Tierra del Fuego must 
have presented at  the time of maximum extension of Pleisto- 
cene glaciation. What, now, are the mean temperatures of 
these two regions? We have but few available data for the 
Straits of Tierra del Fuego and still less for the antarctic lands. 
The known means are as follows: 

~ ~ ~- 

'Lephay: Mission scientiflque du Cape Horn. Vol. 11, p. 138. 
13 Die Internationale Polarforschung, 1882-3. Die Beobachtungs Er- 

Vol. 11, p. 138. 
9Accordinp; to the officers of the Beagglr. 1,WO meters; according to 

IOHann: Klimatologie. 1897. Vol. I11 p. 467. 

gebnisse der Deutschen Station. 

Pissis. 800 meters; according to Thomas Bridges, 900 to 1,OOO meters. 

Ham: op. cit., I, p. 313. See Hann-Ward, 1903, p. 321-322. 

. . . .  -_ perature of at least 10' to 13' C. 

up a part ol- the problem of the climate of the glacial epoch. 
TITe may at  least determine how many degrees fall in tempera- 
ture inust occur in the Magellanic region in order that the 
ice again descend to the level that it then occupied. I would 
emphatically declare that when one speaks of the lowering of 
temperature that accon~ganied the glacial epoch in the Magel- 
lanic region and sets the same at  4' C. one speaks as tho thie 
number applied indifferently to all the regions of the globe. 

Now it is inconceivable that inland ice caps such as existed 
in northern Europe and North America, should not have pro- 
foundly modified the meteorological regimen of neighboring 
regions and even the general atmospheria circulation of the 
whole Northern Hemisphere. The distribution of climates, 
even in the regions beyond the ice-invaded country, must have 
been incontestably at  variance with the present, so that for 
this reason alone it seeins to be inaclmissable to assume that 
the fall in temperature went on in a similar manner every- 
where, and that i t  may be exprest by a simple difference-and 
that the same difference-from the mean annual temperature. 

A PLEA FOR TERRESTRIAL AND COSMICAL PHYSICS.' 

Once upon a time, a t  a certain small dinner party, the Duke 
of Wellington on being urged to express his opinion frankly 
of the French marshals he had so successfully worsted in 
battle, pointed out their good qualities in amost freeand mag- 
nanimous manner, showing wherein each particularly excelled. 
Whereupon one of the party said, I r  Well, sir, how was it that 
with such various great qualifications you licked them all, one 
after another? " The Duke, taken a-back, paused, then said, 
r L  Well, I don't know exactly how it was, but I think if any 
unespected circuiiistances occurred in the midst of a battle 
which deranged its whole plan, I could perhaps organize 
another plan more quickly than most of them." 

This quality of mind, to instantly change an established 
train of thouglit or to be receptive to a new set of circum- 
stances and facts, and thus to be capable of immediately set- 
ting up a fresh plan of action, was tersely and most suggest- 
ively esprest by Maxwell when writing Herbert Spencer about 
a subject of controversy in the latter's 

It  is seldom that any miin who tries to  form a system can prevent the 
system from forming around him and closing him in before he is forty. 
Hence the wisdom of putting in some ingredient to prevent crystalliza- 
tion aud keep the system in a colloidal condition. 

A t  the Ithaca meeting of the Association two years ago last 
summer, I prefaced a paper on the San Francisco earthquake 
by a few remarks calling attention to the disparity of papers 
pertaining to the physics of the earth and of the universe 
presented to-day before Sections A and B. I stated it was 

lly Dr. L. A. B.UWR, Carnegie Iustitiitiuu uf Waslii~igtou. Dah1 December, 1908. 

First Principles:" 

~ - - 
Arctowsky. CIel et Terre, 16 juin 1900. 

1.l Lephay: Mission scientiflque de Cap Horn. Tome 11, p. 138. 
14 Lephay: ibld., p. 271. 
15 Arctowsky. Ciel et Terre, 1 decembre 1900. 
16 Bodman. 
17 Mossman, Smttieh Geog. Mag., August 1905. 
I s  J. J. Rey in Charcot: Les Franpais au Pole Sud. p. 367. 
'Presented at the Baltimore meeting (1908-9) of the American Associ- 

ation for the Advaucement of Science, before the General Interest meet- 
ing of Section B (Physics). 

Petermann's Geogr. Mittheilungen, 1904, Hit. 5. 


